An optimal scheduling model for a hybrid energy microgrid considering the building based virtual energy storage system (VSS) is developed in this paper. The VSS model is developed by utilizing the building thermal equilibrium equation taking the heat storage characteristics of building into consideration. Firstly, mathematical models of various energy systems and VSS in the hybrid energy microgrid are developed. Then, an optimal scheduling model is developed to minimize the operation costs of the microgrid. Numerical studies demonstrate that the proposed optimal scheduling model can provide the microgrid with an effective and economical scheduling scheme and reduce the operation costs. 
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Introduction
Renewable and distributed power generations have been recognized as solutions for safe, secure, sustainable and affordable energy production, distribution and consumption in the future low-carbon cities.
As an effective way to handle the variability and uncertainty of the renewable energies while ensure the economical energy supply, the hybrid energy microgrid is drawing more and more attentions around the world. A wide range of energy systems and energy loads including different renewable energy systems, combined heat and power (CHP) system [1] , low-carbon buildings [2] , electric vehicles [3] have been employed in the hybrid energy microgrid. Thus, the optimization, coordination and management of the various energy systems in the microgrid are of significant importance for the integration of renewable energy and reducing the costs of energy utilization for the microgrid.
A hierarchical energy management system was designed for a community level microgrid based on energy hub model in [1] . An optimal scheduling and control model for microgrid is proposed in [4] taking several sources of uncertainty into consideration. Lu et al. [5] presented a mixed-integer linear programming algorithms (MINLP) based optimal scheduling strategy for the microgrid including buildings to minimize the daily operation costs.
An optimal scheduling model for a hybrid energy microgrid considering the building based VSS under the time-sensitive electricity pricing is developed in this paper. The VSS model is developed by utilizing the building thermal equilibrium equation taking the heat storage characteristics of building into consideration. It not only can guarantee the customer comfort level, but also can contribute to operation costs reduction of the microgrid.
Hybrid Energy Microgrid Models
The hybrid energy microgrid including building with renewable energy resources is shown in Fig. 1 . The various energy systems models of the microgrid are described as follows. 1).
2) Absorption Chiller The absorption chiller is driven by the recovered heat from the CHP. The cooling generated by the absorption chiller depends on the exhaust heat from the CHP, as shown in Eq. (2). (4)). Due to the heat storage characteristics of building, the cooling consumption can be adjusted according the time-sensitive electricity pricing without disturbing the customer comfort level (taking the indoor temperature regulation deadband into consideration) at the same time. So the building can be modeled as a VSS to participate in the optimal scheduling of the hybrid energy microgrid for operation costs reduction. 
The charging/discharging cooling power of the building based VSS is given by Eq. (5). 
Formulation of Optimal Scheduling Model

Objective function
The objective function depicted in Eq. (6) is to minimize the total operation costs for the microgrid. 
2) Cooling demand balance: 
Case Study
Case study
The hybrid energy microgrid test case in Fig. 1 is utilized to verify the effectiveness of the developed optimal scheduling model. The office hours are set to be from 9:00am to 21:00 pm. The indoor temperature set-point is 22.5ºC and the indoor temperature can be regulated from 20ºC to 25ºC. The outdoor air temperature, solar radiation and electric power generation/consumption of the microgrid in a typical day are shown in Fig. 2 . 
Simulation Results
The schedules of the hourly electricity consumptions/ generations in a day are shown in The scheduling results shown that, during office hours, the microgrid tends to purchase more electric power when the electricity price is low (9:00am-13:00 pm and 19:00-21:00 pm) and purchase less electric power when the electricity price is high (14:00-18:00pm). The battery storage system is fully charged in the non-office hours (1:00-8:00 am) when the electricity price is low and it is discharged to provide electricity during office hours. The CHP operates to provide electricity (and heat for the absorption chiller) only when the grid electricity price is high (14:00-18:00 pm). The electric chiller undertakes a large portion of cooling demand when the electricity price is not very high (9:00am-13:00 pm and 19:00-21:00 pm). And the absorption chiller serves a large portion of the building cooling demand when the electricity price is high (14:00-18:00pm). The building based VSS discharged during the office hours to participate in the optimal scheduling for operation costs reduction. The operation costs in a day including VSS are 192.4 USD and the operation costs in a day without VSS are 215.5 USD, which contributes to 12.1% cost saving for the microgrid.
The schedules of the hourly cooling consumption of the building in a day are shown in Fig. 5 (a) and the hourly indoor temperatures of the building with/without VSS in a day are shown in Fig. 5 (b) . As Fig.  5 shows, the indoor temperature without VSS is kept at the set-point, while the indoor temperature with VSS is adjusted in the regulation band contributing to the operation costs reduction. From Fig. 5 (a) we can find out that the cooling consumption of the building without VSS is more than the cooling consumption of the building with VSS at most of the office hours and the difference between them is the discharging/charging cooling power of the VSS. 
Conclusions
An optimal scheduling model for a hybrid energy microgrid considering the building based VSS is developed in this paper. The building in microgrid is modeled as a VSS to participate in the optimal scheduling for operation costs reduction. The charging/discharging cooling power of the building based VSS can be adjusted according the time-sensitive electricity pricing. Numerical studies demonstrate that the effectiveness of the proposed optimal scheduling model.
